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The ﬁeld of mechanics of biological and bio-inspired materials underwent an
exciting development over the past several years, which made it stand at the
cutting edge of both engineering mechanics and biomechanics. As an intriguing
interdisciplinary research ﬁeld, it aims at elucidating the fundamental principles
in nature’s design of strong, multi-functional and smart Materials by focusing on
the assembly, deformation, stability and failure of the materials. These princi-
ples should have wide applications in not only material sciences and mechanical
engineering but also biomedical engineering. For instance, the knowledge in Me-
chanical principles of biological materials is very helpful for addressing some major
challenges in material sciences and engineering. They also have the potential to
provide quantitative understanding about how forces and deformation aﬀect hu-
man being’s health, diseases and treatment at tissue, cellular and molecular levels.
This special subject on “mechanics of biological and bio-inspired materials”
collects a few studies on recent development by leading scientists in this ﬁeld.
The biological materials or systems in these studies include cell, cytoskeleton (e.g.,
microtubulus, intermediate ﬁlaments), lipid molecules and composite system of
lipid and nanoparticle, tissue, and biological attachment systems, etc.
Most biological cells must adhere to an extracellular matrix (ECM) or other
cells in order to perform normal physiological functions such as diﬀerentiation,
growth, spreading and migration. Cell adhesion involves coordinated actions of
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many biological molecules such as ECM proteins, cytoskeletal proteins and mem-
brane receptors, and can be strongly inﬂuenced by the topographical structures
of ECM. Wang & Gao1 developed a stochastic-elastic model of a soft elastic body
adhering on a wavy surface via a patch of molecular bonds. They showed that for
suﬃciently small adhesion patch size or stress concentration index, the adhesion
strength is insensitive to the wavelength but decreases with the amplitude of sur-
face undulation, but for large adhesion patch size or stress concentration index,
there exist optimal values of the surface wavelength and amplitude for maximum
adhesion strength.
Diﬀerent from the animal cell, a plant cell has a shell-like cell wall which consists
of porous solid material with plenty of inter-ﬁbrillar space. The symplastic or
solute water occupies the inner space of the cell wall, while the apoplastic water
fulﬁlls the inter-ﬁbrillar space of the shell. Under an outward turgor pressure,
the cell wall experiences a deformation which results in a change of the volume of
water including symplastic and apoplastic water inside the cell wall. Volumetric
elastic modulus (VEM) is therefore an important parameter in biomechanics of
plant cell for understanding of cell growth. Zhang & Zheng2 proposed a new
relationship for precisely determining VEM. With the aid of this relation, they
suggested that the exponential approximation of the pressure-volume relationship
adopted in previous literature may not predict the correct value of VEM.
Liposomes and nanoparticles as well as their composite nanostructures provide
a powerful multifunctional platform for drug delivery. Design and production
of biocompatible and biodegradable drug delivery vehicles have emerged as a
highly promising route to develop novel drug delivery systems at micro or nano
scales. Xie et al.3 studied the self-assembly of lipid molecules and nanoparticles
of diﬀerent shapes by using the self-consistent ﬁeld theory. They found that the
lipid molecules can form monolayered and bilayered nanostructures around the
nanoparticles of diﬀerent shapes. The shape of the lipid layers can be ﬁnely tuned
by changing the size of nanoparticles and the number of polygon edges. These
ﬁndings may help the design and synthesis of novel drug delivery nanocarriers.
Intermediate ﬁlaments are one of the key components of cytoskeleton in eukary-
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otic cells, and their mechanical properties are found to be equally important for
physiological function and diseases. Besides their functions as mechanical integra-
tors, intermediate ﬁlaments have also emerged as a key element in understanding
signaling in cell. Qin & Buehler4 applied a mesoscopic model of intermediate
network with varied crosslink strengths to investigate its failure mechanism under
the extreme mechanical loading. They showed that relatively weaker crosslinks
lead to a more ﬂaw tolerant network that is even stronger than the one with
strong crosslinks. These ﬁndings suggest that the mechanical properties of inter-
facial components are critical for bio-inspired designs of materials with intriguing
mechanical properties.
Microtubules, as other main components of the cytoskeleton together with actin
and intermediate ﬁlaments form cytoskeletal networks, determine the mechan-
ics of cells, and also perform essential biological functions including chromosome
segregation, motor proteins transportation and cell locomotion. Feng & Liang5
proposed a 3-dimensional coarse grained model of microtubules and treated the
tubulin monomer as a sphere of multiple patches, with parameters chosen to yield
experimental values of bending and stretching stiﬀness. Their model correctly
reproduced the bistability of tubulin sheet, elastic deformation of tubule tip, and
cracking of protoﬁlament.
Anal ﬁstula is one kind of serious anorectal diseases with a very high prevalence.
The traditional treatments for this disease have limited eﬀect due to the frequent
damage of the internal anal sphincter of patients. With the help of recent advances
in biomaterials, treatments based on biomaterial ﬁlling have emerged as novel
therapies for ﬁstula. For instance, small intestinal submucosa (SIS) can be used
for making anal ﬁstula plug which has attracted increasing attention because of its
biocompatibility and short term healing rate. Yang et al.6 proposed a new design
of ﬁstula plug with the SIS biomaterials and also made geometric optimization
of the new ﬁstula plug. Their studies could provide guidelines for the design of
eﬀective ﬁstula plug for better clinical treatments.
Exquisite surface structures, allowing the animals, like geckos, spiders, ﬂies
and beetles, to adhere and run on walls and ceilings, have been triggering a lot
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of attentions on the physical principles underlying the performance of biological
attachment systems. Heepe et al.7 reviewed the adhesive and frictional proper-
ties of a mushroom-shaped adhesive microstructure (MSAMS), inspired by the
attachment devices of beetles. They showed that the MSAMS has an about twice
higher pull-oﬀ force compared with a smooth control made from the same ma-
terial measured on smooth substrates. In shearing, however, MSAMS exhibited
reduced and stabilized friction when compared with a smooth control, and showed
zero pull-oﬀ force in a sheared state, allowing the adhesion to be switched on and
oﬀ. All these features demonstrate that MSAMS may has practical potential in
a variety of applications.
Because of limited space in this special subject, we can only include a few
typical studies in the mechanics of biological and bio-inspired materials, with
a hope to provide the readers an overview on the present status of this ﬁeld,
including the opportunities and challenges, and to stimulate a broader interest
in the applied mechanics community. The guest editor of this special subject is
grateful to all of the contributing authors for their signiﬁcant contributions and
supports. The eﬀorts of the reviewers of this special subject and the Editorial
Board of Theoretical & Applied Mechanics are also greatly appreciated.
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